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Duloxetine, Pregabalin, and Duloxetine Plus Gabapentin for Diabetic Peripheral
Neuropathic Pain Management in Patients With Inadequate Pain Response to
Gabapentin: An Open-Label, Randomized, Noninferiority Comparison

ROBERT J. TANENBERG, MD; GORDON A. IRVING, MD; RICHARD C. RISSER, MS; JONNA AHL, PHD;
MicHAEL J. RoBINSON, MD, FRCPC, FAPM; VLADIMIR SKLIAREVSKI, MD; AND SANDRA K. MaLcoLM, BS

OBJECTIVE: To determine whether duloxetine is noninferior to (as
good as) pregabalin in the treatment of pain associated with dia-
betic peripheral neuropathy.

PATIENTS AND METHODS: We performed a 12-week, open-label
study of patients with diabetic peripheral neuropathic pain who
had been treated with gabapentin (2900 mg/d) and had an inad-
equate response (defined as a daily pain score of >4 on a numeri-
cal rating scale [0-10 points]). The first patient was enrolled on
September 28, 2006, and the last patient visit occurred on August
26, 2009. Patients were randomized to duloxetine monotherapy
(n=138), pregabalin monotherapy (n=134), or a combination of
duloxetine and gabapentin (n=135). The primary objective was
a noninferiority comparison between duloxetine and pregabalin
on improvement in the weekly mean of the diary-based daily pain
score (0- to 10-point scale) at end point. Noninferiority would be
declared if the mean improvement for duloxetine was no worse
than the mean improvement for pregabalin, within statistical vari-
ability, by a margin of —0.8 unit.

RESULTS: The mean change in the pain rating at end point was
-2.6 for duloxetine and -2.1 for pregabalin. The 97.5% lower
confidence limit was a -0.05 difference in means, establishing
noninferiority. As to adverse effects, nausea, insomnia, hyperhidro-
sis, and decreased appetite were more frequent with duloxetine
than pregabalin; insomnia, more frequent with duloxetine than
duloxetine plus gabapentin; peripheral edema, more frequent
with pregabalin than with duloxetine; and nausea, hyperhidrosis,
decreased appetite, and vomiting, more frequent with duloxetine
plus gabapentin than with pregabalin.

CONCLUSION: Duloxetine was noninferior to pregabalin for the
treatment of pain in patients with diabetic peripheral neuropathy
who had an inadequate pain response to gabapentin.

Trial Registration: clinicaltrials.gov Identifier: NCTO0385671
Mayo Clin Proc. 2011;86(7):615-624

ANCOVA = analysis of covariance; BOCF = baseline observation carried
forward; BPI = Brief Pain Inventory; Cl = confidence interval; DPNP =
diabetic peripheral neuropathic pain; HbA, = glycated hemoglobin;
ITT = intent to treat; LOCF = last observation carried forward; MMRM =
mixed-models repeated-measures; MoNI = margin of noninferiority; TCA =
tricyclic antidepressant; TEAE = treatment-emergent adverse event

Diabetes mellitus is commonly associated with periph-
eral neuropathies, which include painful sensations in
the extremities that are described as aching, burning, stab-
bing, or tingling.!> The pain associated with diabetic pe-
ripheral neuropathy may be in part due to failure of the en-
dogenous analgesic mechanisms in the descending spinal
pathways that control pain transmission to the brain.* His-
torically, diabetic peripheral neuropathic pain (DPNP) has
been treated with tricyclic antidepressants (TCAs), opioid
analgesics, and certain anticonvulsant agents. Although

TCAs have been the standard treatment for DPNP, long-
term use may be associated with serious adverse effects,
such as orthostatic hypotension, greater risk of adverse
cardiovascular effects,* and greater relative risk of overall
mortality.’ Opioid analgesics provide prompt pain relief,
but their adverse effects and potential for abuse or addic-
tion make them less desirable for long-term treatment.®
Among anticonvulsant agents, gabapentin is a commonly
prescribed medication for the management of DPNP; it is
considered to have a generally benign safety profile with no
clinically important drug interactions® but may take several
weeks to reach an effective dosage (1800-3600 mg/d).”

Currently, 2 medications are approved by the US Food
and Drug Administration for the management of DPNP:
duloxetine hydrochloride and pregabalin. The proposed
mechanism of action of duloxetine, an antidepressant, is
reuptake inhibition of both serotonin and norepinephrine in
the central nervous system, which increases the activity of
these neurotransmitters and subsequently reduces the per-
ception of pain by modulating the pain signals.®® In con-
trast, pregabalin, an anticonvulsant agent, has a proposed
analgesic mechanism of action that involves binding to the
.,,-8 subunit of calcium channels in hyperexcited afferent
neurons, which reduces the release of glutamate, norepi-
nephrine, and substance P, thereby reducing pain signals
transmitted from the periphery to the brain.!°
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COMPARISON OF DULOXETINE AND PREGABALIN IN DPNP

When treatment with an analgesic does not provide sat-
isfactory pain reduction or is not well tolerated, one option
is to switch to or add another analgesic with a different
mechanism of action. Selecting a medication to switch to
is based on its efficacy and adverse event profile.!" This
study was undertaken to determine whether switching from
gabapentin to duloxetine would provide a benefit similar to
that of switching to pregabalin and to determine the ben-
efit of adding duloxetine to gabapentin. Although TCAs are
first-line therapies for DPNP, none were used as compara-
tors in the current study because the therapeutic doses are
associated with substantial adverse events.

This study used a noninferiority design that specifi-
cally examines whether a medication (in this case dulox-
etine) is no worse than (or as good as) a reference medica-
tion (pregabalin) for which efficacy has been established.
Noninferiority compares the difference in improvement
between 2 treatments to a predetermined margin of non-
inferiority (MoNI) for the treatment effect on the primary
outcome. This margin represents the maximum treatment
difference that is not considered clinically better or worse.
The benefit of using a noninferiority study design is that
fewer patients are required than for a head-to-head com-
parison trial between 2 efficacious medications. A head-
to-head comparison trial between duloxetine and pregab-
alin would require large numbers of patients to achieve
significance because the difference in efficacy between
these analgesics would be small.

Because patients with diabetes generally have a high
prevalence of comorbid illnesses and are often prescribed
multiple medications, this was an open-label study that
allowed more realistic disease management and the use
of a broader range of concomitant medications. Thus,
the results of this trial may be more generalizable to a
clinical population.

The primary objective of this open-label, noninferiority
study was to determine whether treatment with duloxetine
was at least as good as pregabalin in reducing pain associ-
ated with diabetic neuropathy in patients who had an inad-
equate pain response to treatment with gabapentin.

PATIENTS AND METHODS

We conducted a phase 4, open-label, randomized, 12-
week study in 43 study centers in the United States,
Germany, Canada, and Puerto Rico. The first patient was
enrolled on September 28, 2006, and the last patient visit
occurred on August 26, 2009. The institutional review
board for each site approved the protocol, which was
developed in accordance with the ethical guidelines of
Good Clinical Practice and the Declaration of Helsinki.
All patients provided written consent after the study was

explained and their questions answered and before study
procedures were initiated.

Outpatients with type 1 or type 2 diabetes mellitus and
a glycated hemoglobin (HbA ) level of 12% or lower were
eligible for inclusion in the study if they were aged at least
18 years, presented with DPNP (confirmed by a score of at
least 3 on section B of the Michigan Neuropathy Screen-
ing Instrument),'” and had a daily pain score of 4 or higher
based on a numerical rating scale (0-10 points). Also, pa-
tients had to be taking a stable dose of gabapentin (2900
mg/d) for at least 5 weeks before randomization, had to
be at least 80% adherent to gabapentin therapy, and had to
agree not to change the dose of gabapentin between visits
1 and 2. In addition, the patient or physician had to have
indicated a need to change from the current gabapentin
therapy for pain management. Patients were excluded if
they had a history or current diagnosis of mania, bipolar
disorder, obsessive-compulsive disorder, or posttraumatic
stress disorder or were judged before randomization to be
at risk of suicide. Other exclusion criteria included histori-
cal exposure to drugs known to cause neuropathy, treat-
ment with a monoamine oxidase inhibitor within 14 days,
or treatment with fluoxetine within 30 days of randomiza-
tion. Concomitant antidepressants (except monoamine oxi-
dase inhibitors) and analgesics were allowed, provided the
patient was taking a stable dose for a minimum of 3 months
before study enrollment.

The screening period for eligibility occurred between
visits 1 and 2 and lasted as long as 60 days (approximately
8 weeks) to accommodate the washout period for excluded
medications. When no washout was required, patients were
enrolled within 3 days after they completed all screening
procedures. Eligible patients were randomized in a 1:1:1
ratio to open-label oral treatment with duloxetine mono-
therapy, pregabalin monotherapy, or a combination of du-
loxetine and gabapentin. Patients began taking the study
drug on the next day after visit 2. Patients in the mono-
therapy treatment arms were cross-tapered from their cur-
rent oral dose of gabapentin to 300 mg/d during a 1- to
2-week period; gabapentin therapy was then discontinued.
Duloxetine therapy was initiated at 30 mg once daily for
1 week, after which patients received 60 mg once daily. In
Germany, Puerto Rico, and the United States, pregabalin
was dosed according to the US prescribing information"
and initiated at 150 mg/d for the first week with 50-mg
doses taken 3 times daily. The following week, the dosage
was increased to 300 mg/d and administered at 100 mg
3 times daily. In Canada, pregabalin was dosed accord-
ing to Canadian prescribing information,' and therapy
was initiated at 150 mg/d but administered at 75 mg twice
daily. The following week, the dosage was increased to
300 mg/d and administered at 150 mg twice daily. Patients
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randomized to combination treatment continued to take
their current dose of gabapentin (2900 mg once daily), ini-
tiated duloxetine therapy at 30 mg once daily for the first
week, and then received duloxetine, 60 mg once daily, for
the remainder of the study.

Patients were allowed to use concomitant medications
for the management of pain or mood during the trial, pro-
vided they were taking a stable dose of the medication
at study entry. Patients were not allowed to increase the
dose of these medications but were allowed to decrease
the dose.

The primary efficacy measure was the reduction from
baseline in the weekly mean of the daily 24-hour pain (re-
ferred to hereafter as daily pain) diary ratings at week 12.
Pain was assessed using a numerical rating scale ranging
from O for no pain to 10 for worst possible pain. Two sec-
ondary measures derived from the pain diaries that were
also analyzed weekly were worst pain and night pain rat-
ings. Other secondary measures included the Clinical
Global Impression of Severity, the Brief Pain Inventory
(BPI) severity and interference items,'S the Beck Depres-
sion Inventory II,' the Patient Global Impression of Im-
provement, and the Sheehan Disability Scale."”

Three response criteria were analyzed on the basis of
daily pain ratings: reductions of 30% or higher from base-
line, reductions of 50% or higher from baseline, and a
reduction of 2 or more points from baseline. Sustained
response was defined as at least a 30% reduction from
baseline to end point, at least a 30% reduction from base-
line 2 weeks before the last week in the study period, and
at least a 20% continued reduction from baseline every
week in between.

Safety measures included spontaneously reported treat-
ment-emergent adverse events (TEAEs), discontinuation
due to adverse events, mean changes and categorical chang-
es in vital signs, and mean changes and rates of abnormal
laboratory analytes, including HbA | levels.

Noninferiority in this study focuses on differences in
improvement in pain reduction between duloxetine and
pregabalin (primary objective) and between duloxetine
and duloxetine plus gabapentin (secondary objective)
at week 12. The 97.5% 1-sided confidence limit, which
is equivalent to the lower limit of a 2-sided 95% confi-
dence interval (CI), for the difference between duloxetine
and pregabalin was compared with the protocol-defined
MoNI. The MoNI represents the maximum disadvantage
of duloxetine relative to its comparator that is not con-
sidered clinically meaningful. If the lower limit of the CI
exceeds the MoNI, noninferiority is established.

The MoNI was based on results from an analysis of
3 DPNP placebo-controlled duloxetine studies'®* using
only patients previously treated with gabapentin. In these
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patients, the estimated mean improvement (decrease) in
pain severity at week 12 was —2.74 for duloxetine, 60 mg
once daily, and —1.09 for placebo, representing a mean
—1.65 advantage of duloxetine over placebo. Thus, the
prespecified MoNI of —0.8 represents slightly less than
50% of the previously observed advantage for duloxetine
over placebo in a similar population of patients.

This study was designed to randomize 400 patients to
duloxetine, pregabalin, or duloxetine plus gabapentin in a
1:1:1 ratio. With the assumption that 6% of patients would
discontinue the study before providing postbaseline data,
approximately 125 patients per arm were included in the
primary efficacy analysis. This sample size has 92% power
for the noninferiority assessment of duloxetine compared
with pregabalin in pain reduction. Assumptions supporting
the sample size estimate include the use of a 1-tailed 97.5%
CI, a mean improvement of 2.5 for pregabalin and 2.7 for
duloxetine, a common SD of 2.3 for change from baseline
to end point, and a MoNI of —0.8.

In accordance with International Committee for Har-
monization recommendations,*’ noninferiority analyses
were conducted on the intent-to-treat (ITT) population and
the per-protocol population. Because results from the ITT
population can produce wider CIs owing to attrition than
those from the per-protocol population, there may be some
bias toward finding no difference between treatments in
the ITT analysis. Thus, results of the per-protocol sensitiv-
ity analysis can support the results from the ITT popula-
tion if the outcomes from both analyses are consistent.?
The ITT population included all randomized patients who
had weekly mean assessments of baseline and postbase-
line diary-based daily pain ratings. The per-protocol popu-
lation included only those patients in the ITT population
who adhered to a predetermined set of key protocol crite-
ria: adherence to study drug therapy, Michigan Neuropa-
thy Screening Instrument score less than 3 at study entry,
gabapentin taper length of not more than 14 days, no use
of prohibited medications, and no HbA | level greater than
12% after randomization.

The primary analysis used a restricted, likelihood-based
mixed-models repeated-measures (MMRM) model that in-
cluded explanatory terms for the fixed, categorical effects
of treatment, investigator, week, and treatment by week
interaction, as well as the continuous, fixed covariates of
baseline average pain severity ratings and the baseline by
week interaction. An unstructured correlation matrix was
used to model the within-patient errors. The noninferior-
ity assessments were made using pairwise CIs comparing
treatments at week 12.

Sensitivity analyses of noninferiority at end point
were also characterized using baseline observation car-
ried forward (BOCF) and last observation carried forward
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(LOCF) imputation techniques for the weekly means, with
analysis based on an analysis of covariance (ANCOVA)
model with terms for treatment, baseline, and investigator
for both the ITT and per-protocol populations. Estimates
from MMRM/ANCOVA models reported here are least-
squares means.

Baseline characteristics were compared using the
Fisher exact test (nominal outcomes) or analysis of vari-
ance (numeric outcomes) with terms for treatment and in-
vestigator. Analyses of secondary efficacy measures were
conducted using the MMRM model as described for the
primary analysis (if collected at multiple time points after
baseline) and the ANCOVA model as already described
(if collected at baseline or end point only) but without
noninferiority assessment.

Other than for assessment of noninferiority, the term
significant indicates statistical significance at a 2-sided lev-
el of .05 or less; a significance level of .10 or less is used
for tests of interaction. All statistical analyses were per-
formed using SAS statistical software, version 9.1.3 (SAS
Institute, Cary, NC).

RESULTS

A total of 692 patients were screened, and 285 failed to meet
entry criteria. The remaining 407 patients were randomized
to pregabalin monotherapy, 300 mg/d (n=134); the combina-

tion of duloxetine, 60 mg/d, and gabapentin, 900 mg/d or
more (n=135); or duloxetine monotherapy, 60 mg/d (n=138).
Disposition of the patients is shown in Figure 1.

Demographic and baseline clinical characteristics of the
ITT patient population, as well as preexisting conditions,
were generally similar across treatment groups (Table 1
and Table 2). Most patients were white men with type 2
diabetes who were in their early 60s. The mean duration of
diabetes was more than 12 years, which was significantly
longer for each of the monotherapy groups compared with
the combination treatment group, and the average duration
of DPNP was almost 4.5 years. On average, mean HbA
values were less than 8%. Daily pain severity as reported
in patient diaries and as assessed by the BPI was moderate
(rating of 4-6),%* and severity of functional disability was
rated as mild (rating of 3-9) to moderate (rating of 12-
18)." Less than 5% of the patients had a comorbid major
depressive disorder or generalized anxiety disorder. Pre-
existing conditions included arthritis, osteoarthritis, and
back pain. The average gabapentin dose at baseline was
more than 1200 mg/d; more than 50% of the patients re-
ported using concomitant pain medications, and less than
20% used antidepressants (Table 3).

During the study, amitriptyline was the most common
TCA used across treatment groups; its use was signifi-
cantly greater for patients in the pregabalin group (Table
S1, Supporting Online Material). Opioids were used by 57

692 Screened

285 Screen failures

407 Randomized

134 Pregabalin, 300 mg/d

135 Duloxetine, 60 mg/d, and
Gabapentin, 2900 mg/d

138 Duloxetine, 60 mg/d

38 Discontinued
14 Adverse event

36 Discontinued
18 Adverse event

51 Discontinued
27 Adverse event

4 Consent withdrawn
5 Lack of efficacy

6 Lost to follow-up

2 Physician decision
5 Protocol violation
2 Sponsor decision

4 Consent withdrawn
5 Lack of efficacy

5 Lost to follow-up

2 Physician decision
1 Protocol violation
1 Sponsor decision

4 Consent withdrawn
9 Lack of efficacy

6 Lost to follow-up

1 Physician decision
2 Protocol violation
2 Sponsor decision

96 (71.6%) Completed

99 (73.3%) Completed

87 (63.0%) Completed

FIGURE 1. Patient disposition diagram showing the flow of patients through each stage of the trial from

screening through completion.
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TABLE 1. Patient Demographics

Group 2
Group 1 Duloxetine + Group 3 P values
Demographics Pregabalin (n=134) gabapentin (n=135) Duloxetine (n=138) 1vs2 1vs3 2vs3

Age (y) 61.9+10.7 61.9+10.8 60.9+10.2 .61 51 24
Ethnic origin >.99 54 .54

African descent 13 (9.7) 11 (8.1) 9 (6.5)

White 111 (82.8) 112 (83.0) 100 (72.5)

East Asian 0 2(1.5) 0

Hispanic 9(6.7) 9(6.7) 15 (10.9)

Native American 1(0.8) 1(0.7) 1(0.7)

West Asian 0 0 3(2.2)
Male 76 (56.7) 83 (61.5) 83 (60.1) 46 .62 .90
Country

Canada 5@3.7) 3(22) 4(2.9)

Germany 22 (16.4) 21 (15.6) 20 (14.5)

Puerto Rico 3.2 2(1.5) 2(1.4)

United States 104 (77.6) 109 (80.7) 112 (81.2)

Categorical data are provided as number (percentage) of patients and continuous data as mean + SD. P values are from the
Fisher exact test or analysis of covariance.

TABLE 2. Baseline Disease History, Severity of lliness, and Preexisting Conditions®®

Group 2
Group 1 Duloxetine + Group 3 P values
Variable Pregabalin (n=134)  gabapentin (n=135)  Duloxetine (n=138) 1vs2 1vs3 2vs3
Diabetes mellitus 121 (90.3) 126 (93.3) 129 (93.5) .38 .38 >.99
Duration of diabetes (y) 12.5+11.0 10.0£7.8 12.3+£9.7 .04 .96 .04
DPNP duration (y) 4.3+3.4 4.2+3.5 4.8+4.8 93 .20 17
MNSI total 5.9+1.6 5.9+1.6 5.71.6 81 43 .30
HbA, (%) 7.5+1.6 7.2+1.5 7.6x1.5 .09 .99 .08
Fasting glucose (mg/dL) 148.3+59.6 143.8+68.8 152.1+65.7
Pain severity from diary
(0-10 point scale)
Daily pain 5.7+1.4 8x1.5 5.8+1.5 .61 A48 .85
Worst pain 6.9+1.6 7.1x1.5 7.1+1.5 43 .23 .68
Night pain 5.6+2.1 5.6+2.1 5.9+1.7 73 .36 21
BPI
(0-10 point scale)
Average pain 5.6+1.9 5.7+1.8 5.7+1.7 .62 72 .89
Pain interference 4.3+£2.4 4.7+2.2 4.7£2.4 12 .14 .90
CGI-S 4.3+0.9 4.4+0.8 4.5+0.9 .29 A2 .61
BDI II total 9.5+8.5 10.7+8.4 9.1+£7.2 17 .82 .10
SDS global 11.4+8.7 12.7+£7.9 13.5+9.0 .20 .04 41
Comorbid GAD 3(2.2) 1(0.7) 0 37 12 .50
Comorbid MDD 4(3.0) 4(3.0) 3(2.2) >.99 72 72
Preexisting conditions in at least
10% of the study population
Hypertension 107 (79.9) 102 (75.6) 107 (77.5) A7 .66 78
Hyperlipidemia 37 (27.6) 25 (18.5) 32(23.2) .08 41 37
Hypercholesterolemia 27 (20.2) 29 (21.5) 33(23.9) .88 47 .70
Gastroesophageal reflux disease 28 (20.9) 22 (16.3) 26 (18.8) .35 .76 .64
Hypothyroidism 23 (17.2) 19 (14.1) 20 (14.5) 51 .62 >.99
Osteoarthritis 16 (11.9) 22 (16.3) 19 (13.8) .38 12 .61
Insomnia 21 (15.7) 12 (8.9) 22 (15.9) .10 >.99 .10
Depression 13(9.7) 21 (15.6) 19 (13.8) .20 35 73
Back pain 23 (17.2) 14 (10.4) 14 (10.1) A1 A1 >.99
Arthritis 17 (12.7) 15(11.1) 16 (11.6) 71 .85 >.99
Obesity 17 (12.7) 13 (9.6) 15 (10.9) 45 71 .84
Dyslipidemia 15 (11.2) 15 (11.1) 14 (10.1) >.99 .85 .85
Drug hypersensitivity 9(6.7) 17 (12.6) 17 (12.3) 15 15 >.99

4 Categorical data are provided as number (percentage) of patients and continuous data as mean = SD. P values are from the Fisher exact test or
analysis of covariance. BDI II = Beck Depression Inventory II; BPI = Brief Pain Inventory; CGI-S = Clinical Global Impression of Severity;
DPNP = diabetic peripheral neuropathic pain; GAD = generalized anxiety disorder; HbA, = glycated hemoglobin; MDD = major depressive
disorder; MNSI = Michigan Neuropathy Screening Instrument; SDS = Sheehan Disability Scale.

5 ST conversion factors: To convert glucose values to mmol/L, multiply by 0.0555.
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TABLE 3. Baseline Gabapentin Dosage and Concomitant Medication Use

Group 2
Group 1 Duloxetine + Group 3 P values

Variable Pregabalin (n=134) gabapentin (n=135) Duloxetine (n=138) 1vs2 1vs3 2vs3
Gabapentin (mg/d) 1193.2+634.4 1221.6+574.7 1262.2+800.0 .83 .56 72
Daily dose (mg/d) 95 48 .36

<900 6 (4.5) 5@3.7) 1(0.7)

900 to <1200 82 (61.2) 78 (58.8) 87 (63.0)

1200 to <1500 19 (14.2) 20 (14.8) 17 (12.3)

1500 to <1800 4(3.0) 3(2.2) 7(5.1)

1800 to <2400 10 (7.5) 14 (10.4) 10(7.2)

>2400 12 (9.0) 14 (10.4) 13 (9.4)
Pain medication 86 (64.2) 78 (57.8) 84 (60.9) 32 .62 .62
Antidepressant 30 (22.4) 23 (16.7) 26 (18.8) .29 .55 5

Categorical data are provided as number (percentage) of patients and continuous data as mean + SD. P values are from the

Fisher exact test or analysis of covariance.

patients, with the combination of hydrocodone bitartrate
and acetaminophen being the most common. No signifi-
cant between-treatment differences were found with the
use of any of the opioids.

The per-protocol patient population was composed of
281 patients from the ITT population (Table S2, Support-
ing Online Material). More than 70% of the patients in the
pregabalin and the duloxetine plus gabapentin groups were
included in the per-protocol population, whereas less than
60% of the patients in the duloxetine monotherapy group
were included. The most common reason for excluding pa-

tients from the per-protocol population was nonadherence
to study drug therapy, which was significantly greater in
the duloxetine monotherapy group (P=.02) vs the pregaba-
lin and duloxetine plus gabapentin groups (P=.01).

EFFicacy

The noninferiority of duloxetine to pregabalin was con-
firmed by comparing changes in the weekly mean of the
daily pain diary ratings in the ITT patient population at end
point (week 12) (Figure 2). The estimated mean change
in the daily pain severity score at 12 weeks was —2.6 for

Pregabalin is better Duloxetine not inferior ' Duloxetine is better _
' >
: Superior | |
I
I
Noninferior } —
|
- I
Inconclusive |— | !
I Theoretical
I
I
I
1
I
I
Protocol-defined I Observed 95% CI
margin of !
noninferiority :
(lower limit of 97.5%) -0.05 | 0.49 1.04
L | |
I
[ I I
I
I
I
Ll T Ll Ll I Ll { I Ll I Ll I 1
=1.2 -1 -0.8 =0.6 -0.4 =0.2 0 0.2 0.4 0.6 0.8 1 1.2
Treatment difference

FIGURE 2. Results of the noninferiority test for duloxetine vs pregabalin. Changes from baseline to week 12 in the weekly mean
of the daily pain severity for duloxetine- and pregabalin-treated patients were —2.6 and —2.1, respectively (treatment difference,
0.49; 95% confidence interval [Cl], —0.05 to 1.04; P=.08).
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FIGURE 3. Changes in weekly means of the daily pain severity ratings from patient diaries. Significant
superiority vs pregabalin was seen in some weeks before week 12 for duloxetine monotherapy and for

duloxetine + gabapentin combination therapy.

duloxetine and -2.1 for pregabalin, representing an ob-
served 0.49 advantage for duloxetine. The 97.5% lower
confidence limit for the difference between the estimated
means was —0.05, far in excess of the protocol-specified
MoNI of —0.8, establishing noninferiority. Noninferiority
was also demonstrated by additional analyses in the per-
protocol population and with use of the LOCF and BOCF
approaches (Table S3, Supporting Online Material). Sig-
nificant superiority vs pregabalin in the mean daily pain
diary ratings was observed at weeks 2, 3, and 5 through
11 with duloxetine and with duloxetine plus gabapentin at
weeks 2 and 8, but between-treatment differences at the
12-week end point met noninferiority criteria, not statis-
tical superiority (Figure 3). The noninferiority compari-
son between duloxetine monotherapy and duloxetine plus
gabapentin (secondary objective) on the differences be-
tween end point mean changes in daily pain diary ratings
in the ITT patient population was also met, with further
support from each of the 5 additional analyses (Table S3,
Supporting Online Material).

Secondary efficacy outcomes at end point are summa-
rized in Table 4. Reduction from baseline in BPI average
pain and BPI worst pain severity ratings was significantly
greater with duloxetine monotherapy vs pregabalin mono-
therapy, but differences between treatments were not sig-
nificant for the other BPI pain measures, Clinical Global
Impression of Severity, depressive symptoms, or the Shee-
han Disability Scale global measure. Also, no significant

between-treatment differences were found among the vari-
ous response outcomes (Table 4).

The results of the subgroup analyses of mean changes
in daily pain at end point in patients who did or did not use
concomitant antidepressants or pain medications are sum-
marized in Table S4 (Supporting Online Material). In an-
tidepressant users, no significant between-treatment group
differences were found at end point, whereas there was sig-
nificantly greater pain reduction with duloxetine treatment
vs pregabalin in patients who did not use antidepressants.
The result of the test of 3-way interaction (antidepressant
subgroup by treatment by week) was significant, which
demonstrates a differential treatment effect on pain reduc-
tion with concomitant antidepressant use. In patients who
did not use antidepressants, pain reduction with duloxetine
monotherapy at week 12 was significantly greater than
with pregabalin (-2.8 vs —2.1; P=.03), not simply nonin-
ferior. The results of the test of 3-way interaction for the
other subgroup analyses were not significant, revealing no
differential treatment effects based on concomitant use of
pain medications, opioids, or TCAs.

The result of the subgroup analysis based on country
was not significant (test of 3-way interaction: country by
treatment by week; P=.85); thus, differences in pregabalin
administration did not confound pain improvement. How-
ever, all of the patients who received pregabalin, except for
the Canadian patients (n=12), were dosed according to the
US prescribing information.
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TABLE 4. Changes From Baseline to End Point in the Secondary Measures and Response and Remission Rates
in the Intent-to-Treat Population

Group 2
Group 1 Duloxetine + Group 3
Pregabalin gabapentin Duloxetine P values
Variable No.  Mean+SD No. Mean + SD No. Mean +SD 1vs2 1vs3 2vs3
Pain severity from diary
(0-10 point scale)
Worst pain 127 —2.6+0.2 125 —2.9+0.2 120 -3.1+0.2 .39 13 49
Night pain 127 -2.3+0.2 125 -2.5+0.2 120 -2.7+0.2 52 17 46
BPI
(0-10 point scale)
Average pain 99 -1.8+0.2 101 —2.3+0.2 87 —2.4+0.2 .08 .03 .60
Worst pain 99 -2.3+0.2 101 —2.6+0.2 87 -3.0+0.3 35 .04 24
Least pain 99 -1.3+0.2 101 —1.5+0.2 87 -1.6+0.2 .30 .30 .99
Pain right now 99 -1.8+0.2 101 -2.2+0.2 87 —2.2+0.2 15 A1 .87
Pain interference 99 -1.6+0.2 100 -1.9+0.2 87 —2.0+0.2 31 17 72
BDI II total score 121 -2.6+0.5 125 -2.3+0.5 125 -2.5+0.5 73 .96 .76
CGI-S 117 -1.1+0.1 120 —1.1+0.1 125 -1.2+0.1 .60 A7 .84
SDS global score 118 —-5.0+0.7 119 —4.5+0.7 124 -3.5+0.7 .64 .09 22
No. No. (%) No. No. (%) No. No. (%)
Pain responders, based
on reduction in daily pain
230% 127 65(51.2) 125 72 (57.6) 120 68 (56.7) .28 45 .98
250% 127 48 (37.8) 125 47 (37.6) 120 50 (41.7) >.99 .60 .55
>2 points 127 59 (46.5) 125 68 (54.4) 120 64 (53.3) 20 37 91
Sustained response 127 48 (37.8) 125 52 (41.6) 120 48 (40.0) .56 .79 .83

Diary pain ratings and BPI ratings were analyzed with the mixed-models repeated-measures model, BDI 11, CGI-S, SDS, and pain response categories
by last observation carried forward. BDI II = Beck Depression Inventory II; BPI = Brief Pain Inventory; CGI-S = Clinical Global Impression of

Severity; SDS = Sheehan Disability Scale.

SAFETY

Significantly more discontinuations occurred as a result
of adverse events in the duloxetine monotherapy group
(n=27, 19.6%; P=.04) vs the pregabalin monotherapy
group (n=14, 10.4%) but not vs the duloxetine plus gaba-
pentin group (n=18, 13.3%; P=.19). Peripheral edema
associated with pregabalin treatment (n=5, 3.7%) was
the only adverse event reported as a reason for discon-
tinuation with significantly greater frequency than for
the other treatments (duloxetine, 0%; P=.03; duloxetine
plus gabapentin, 0%; P=.03). Rates of discontinuation

for other reasons did not differ significantly among the
treatment groups.

The TEAEs are summarized in Table 5. Nausea, in-
somnia, hyperhidrosis, and decreased appetite occurred
significantly more frequently with duloxetine monother-
apy than with pregabalin monotherapy. The frequency of
insomnia was also significantly greater with duloxetine
monotherapy than with duloxetine plus gabapentin thera-
py. The occurrence of peripheral edema was significantly
greater with pregabalin monotherapy than with the other
2 treatment groups. Treatment with duloxetine plus gaba-

TABLE 5. Frequency of Treatment-Emergent Adverse Events That Occurred
in at Least 5% of Patients Treated With Duloxetine

Group 2
Group 1 Duloxetine + Group 3 P values

Event Pregabalin (n=134) gabapentin (n=135) Duloxetine (n=138) Ivs2 1vs3 2vs3
Any adverse event 89 (66.4) 88 (65.2) 101 (73.2) .90 24 .19
Nausea 2 (1.5) 18 (13.3) 19 (13.8) <.001 <.001 >99
Fatigue 7(5.2) 15 (11.1) 16 (11.6) 12 .08 >.99
Dizziness 6(4.5) 12 (8.9) 10(7.2) 22 44 .66
Insomnia 2(1.5) 5@3.7) 17 (12.3) 45 <.001 .01
Peripheral edema 18 (13.4) 0 2(1.4) <.001 <.001 .50
Constipation 4. (3.0) 9(6.7) 4(2.9) .26 >.99 17
Hyperhidrosis 0 6(4.4) 11 (8.0) .03 <.001 32
Decreased appetite 0 6 (4.4) 9 (6.5) .03 .003 .60
Vomiting 0 6(4.4) 5(3.6) .03 .06 77
Data are provided as number (percentage) of patients.
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pentin was associated with significantly more occurrences
of nausea, hyperhidrosis, decreased appetite, and vomiting
than was treatment with pregabalin monotherapy.

Baseline to end point changes in weight were sig-
nificant between treatment groups. Patients treated
with pregabalin gained an average of 1 kg, whereas pa-
tients in the duloxetine group lost an average of 2.4 kg
(P<.001 vs pregabalin), and those in the duloxetine plus
gabapentin group lost an average of 1.1 kg (P<.001 vs
pregabalin; P=.01 vs duloxetine).

The HbA  levels did not change significantly during the
12 weeks of the study, and the average HbA | level was
7.5% or less across the treatment groups. Statistically sig-
nificant differences in the mean change from baseline in
fasting glucose levels were found between the pregabalin
group and the duloxetine plus gabapentin group (2.9 vs
12.1 mg/dL [to convert glucose values to mmol/L, multiply
by 0.555]; P=.05) but not the duloxetine group (3.4 mg/
dL; P=.23). No significant differences were found in fast-
ing glucose levels between the duloxetine group and the
duloxetine plus gabapentin group (P=.42). Fasting glucose
levels at end point were numerically similar among the
treatment groups: pregabalin, 151.0+78.5 mg/dL; dulox-
etine plus gabapentin, 155.7+65.0 mg/dL; and duloxetine,
155.7£65.7 mg/dL. Overall, findings on laboratory testing
and safety assessment were not clinically relevant.

DISCUSSION

Treatment with duloxetine met criteria for establishing
noninferiority to pregabalin in terms of efficacy for pain
reduction in patients with diabetic peripheral neuropathy
who had less than adequate response to treatment with
gabapentin. The primary outcome was also supported by
positive noninferiority results by analyses conducted in the
per-protocol population and from sensitivity analyses us-
ing LOCF and BOCEF approaches. In addition, duloxetine
monotherapy met criteria for noninferiority to treatment
with duloxetine plus gabapentin that was also supported by
each of the sensitivity analyses.

The interpretation of the noninferiority outcomes is sup-
ported by several features of the trial design. The primary
outcome measure in this study is comparable to that used
in previous duloxetine'®*?° and pregabalin®*?> randomized,
double-blind, placebo-controlled efficacy trials of 12 weeks’
duration. In addition, both monotherapy groups were cross-
tapered from gabapentin and titrated to fixed doses of du-
loxetine or pregabalin over 2 weeks, so timing of escalation
to the therapeutic dose did not vary. Furthermore, the thera-
peutic dose for each medication was consistent with current
dosing guidelines for patients with DPNP, which reduces
potential bias against either treatment. However, patient

COMPARISON OF DULOXETINE AND PREGABALIN IN DPNP

selection was based on not having an adequate response
to gabapentin, which has a proposed mechanism of action
similar to pregabalin, so this could be considered a potential
bias against pregabalin. Although pregabalin and gabapen-
tin share the characteristic of binding to the a.-8 subunit
of calcium channels, subtle differences were seen between
these agents in other mechanisms of action that differenti-
ate them as analgesics. For example, in an open-label study,
pregabalin effectively reduced pain in patients with DPNP
or postherpetic neuropathic pain who were refractory to or
had experienced intolerable adverse events from treatment
with gabapentin, a TCA, or a third medication.

To our knowledge, this is the first study to investigate
adding duloxetine to gabapentin. This combination was
efficacious with patients experiencing baseline to end
point reductions in pain, similar to treatment with du-
loxetine monotherapy and pregabalin monotherapy. Al-
though adding duloxetine to gabapentin may provide in-
creased efficacy, further studies of combination therapies
in inadequate responders or naive patients are warranted.
Duloxetine plus gabapentin was generally well tolerated,
with an adverse event profile and rate similar to those of
duloxetine monotherapy treatment, with the exception of
significantly less insomnia occurring in the combination
treatment group. Also, the adverse event profile for dulox-
etine plus gabapentin was not different from that reported
for gabapentin monotherapy.”’

The analysis of concomitant pain medication use (includ-
ing opioids and TCAs) found no differential treatment ef-
fect with these agents. However, the analysis of concomitant
antidepressant use yielded intriguing results, suggesting that
switching to duloxetine instead of pregabalin could provide
better pain reduction, particularly in those patients who were
not taking antidepressants. Conversely, adding duloxetine
to gabapentin in nonresponders who are already using an
antidepressant may not provide better pain reduction than
switching to pregabalin. Although concomitant antidepres-
sant medications were allowed in this study, the use of mul-
tiple serotonergic agents should be avoided or approached
with caution because of the risk of serotonin syndrome.

Duloxetine, pregabalin, and duloxetine plus gabapentin
were safely administered and well tolerated. No significant
differences were found between treatments in the frequency
of these events. Although the TEAE profile for each treatment
varied, each profile was consistent with previous reports for
duloxetine, % pregabalin,**?*?8-3* and gabapentin.”

This study has limitations that should be considered.
First, the open-label conduct of the current trial may have
influenced the evaluation of efficacy and adverse events
by both patients and investigators. However, the magni-
tude of pain reduction observed in this study is consistent
with reports from 12-week, randomized, double-blind,
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placebo-controlled clinical trials in patients with DPNP
treated with duloxetine, 60 mg/d,'®* or pregabalin, 300
mg/d.*** Second, the relatively small number of patients
with comorbid major depressive disorder or generalized
anxiety disorder (15 of 407, 3.7%) included in the study
does not adequately represent the population of patients
with diabetes because depression is twice as prevalent in
those with vs without diabetes.®' Persons with these co-
morbid conditions may have been screened for inclusion
in this study but opted not to participate, especially if they
were responding to their current medication and did not
want to risk worsening their symptoms by modifying their
treatment. Third, the lack of a gabapentin monotherapy
control group in the current study limits the conclusions
drawn from any difference observed between duloxetine
monotherapy and duloxetine plus gabapentin and must be
viewed with caution. Finally, the minimum gabapentin
dose allowed for inclusion in the study was less than the
recommended efficacious dose of 1800 mg/d.’

CONCLUSION

Findings from the current study indicate that treatment with
duloxetine, 60 mg once daily, was noninferior to pregabalin,
300 mg/d, in patients with DPNP who had a suboptimal pain
response to gabapentin. Adding duloxetine to gabapentin
was efficacious, with patients experiencing a reduction in
pain similar to that achieved with duloxetine or pregabalin
monotherapy. The magnitude of pain reduction observed
in this study, which included patients with comorbid pain
conditions, is consistent with reports from double-blind,
placebo-controlled DPNP clinical trials of duloxetine and
pregabalin in patients without these comorbid conditions.
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operations and data management teams of Lilly USA, LLC, the
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TABLE S1. Concomitant Use of TCAs and Opioids During the Study

Group 2
Group 1 Duloxetine + Group 3 P values
Variable Pregabalin (n=134) gabapentin (n=135) Duloxetine (n=138) 1vs2 1vs3 2vs3
Any TCA 22 (16.4) 5(3.7) 11 (8.0) <.001 .04 .20
Amitriptyline 17 (12.7) 5(3.7) 9 (6.5) .01 >.99 41
Doxepin 3(2.2) 0 0 12 12 NA
Nortriptyline 1(0.7) 0 2(1.4) .50 >.99 .50
Opipramol 1(0.7) 0 0 .50 49 NA
Any opioid 17 (12.7) 21 (15.6) 19 (13.8) .60 .86 73
Hydrocodone
bitartrate—acetaminophen 4 (3.0 4 (3.0 11 (8.0) >.99 11 11
Hydrocodone 6(4.5) 4 (3.0) 2(1.4) 54 17 44
Propoxyphene 4 (3.0 2(1.5) 1(0.7) 45 21 .62
Tramadol 0 4(3.0) 2(1.4) 25 .50 .68
Paracetamol-codeine 2(1.5) 2(1.5) 0 >.99 24 .24
Dextropropoxyphene 0 2 (1.5) 1(0.7) .50 >99 .62
Morphine 0 1(0.7) 2(1.4) >.99 .50 >.99
Oxycodone 0 2 (1.5) 1(0.7) .50 >.99 .62
Oxycodone-acetaminophen 1(0.8) 0 1(0.7) .50 >.99 >.99
Pethidine 0 1(0.7) 1(0.7) >.99 >.99 >.99
Methadone 0 1(0.7) 0 >.99 NA .50
Paracetamol-tramadol 1(0.8) 0 0 .50 .49 NA
Tilidine 0 1(0.7) 0 >.99 NA .50

Data are provided as number (percentage) of patients. P values are from the Fisher exact test. NA = not applicable; TCA = tricyclic antidepressant.

TABLE S2. Per-Protocol Population and Reasons for Exclusion?

Variable Pregabalin Duloxetine + gabapentin Duloxetine

Per-protocol population 97/134 (72.4) 105/135 (77.8) 79/138 (57.2)
Excluded from per-protocol group 37/134 (27.6) 30/135 (22.2) 59/138 (42.8)b
Reasons for exclusions

Nonadherence to study drug therapy 35/37 (94.6) 30/30 (100) 55/59 (93.2)

MNSI score <3 at entry 2/37 (5.4) 0 3/59 (5.1)

Gabapentin taper 214 d 1/37 2.7) 0 2/59 (3.4)

Use of prohibited medication 2/37 (5.4) 0 1/59 (1.7)

HbAlc level >12% after randomization 0 0 1/59 (1.7)

4 Data are provided as number (percentage) of patients. HbA, = glycated hemoglobin; MNSI = Michigan Neuropathy Screening Instrument.
® Significantly greater than pregabalin (P=.02) and duloxetine + gabapentin (P=.01).
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TABLE S3. Noninferiority? Results in Intent-To-Treat and Per-Protocol Patient Populations

Population

Analysis

Mean difference (95% CI)

Intent-to-Treat

Per-Protocol

Intent-to-Treat

Per-Protocol

Duloxetine vs pregabalin

MMRM"
LOCF
BOCF

MMRM
LOCF
BOCF

Duloxetine vs duloxetine + gabapentin

MMRM*®
LOCF
BOCF

MMRM
LOCF
BOCF

0.49 (-0.05 to 1.04)
0.46 (=0.06 to 0.98)
~0.09 (-0.58 t0 0.39)
0.46 (-0.20 to 1.13)
0.42 (-0.24 to 1.07)
—0.08 (=0.71 to 0.54)

0.23 (-0.32 to0 0.78)
0.15 (-0.37 to 0.68)
~0.25 (-0.74 to 0.23)
0.18 (-0.49 to 0.85)
0.29 (-0.36 t0 0.93)
~0.08 (~0.68 t0 0.53)

* The prespecified and fixed margin of inferiority (MoNI) of —0.80 was used for each comparison. Except for the pri-
mary and secondary objectives specified, all of the results are secondary analyses. Baseline observation carried forward
(BOCF) was post hoc. CI = confidence interval; LOCF = last observation carried forward; MMRM = mixed model
repeated measures.

b Primary objective.

¢ Secondary objective.

TABLE S4. Subgroup Analysis of Mean Changes in Daily Pain at End Point in Patients Who Did or Did Not Use

Concomitant Antidepressants or Pain Medications

Group 1 Group 2 Group 3 Test of 3-way
Pregabalin Duloxetine + gabapentin Duloxetine P values interaction
Variable No. Mean = SD No. Mean + SD No. Mean + SD Ivs2 1vs3 2vs3 P value
Antidepressant user 27 -2.3+04 13 -2.2+0.5 17 -2.1+0.5 79 75 97 .04
Antidepressant nonuser 66  -2.1+0.2 73 —2.4+0.2 60 -2.8+0.2 22 .03 31
Pain medication user 64 -2.1+0.2 49 -2.5+0.3 51 -2.8+0.3 27 .03 31 .70
Pain medication nonuser 29 -2.2+0.3 37 -2.3+0.3 26 -2.2+0.4 78 94 84
Opioid user 11 -1.3x0.6 15 -2.2+0.5 13 -1.9+0.5 23 43 69 .36
Opioid nonuser 82  -2.3x0.2 71 -2.4+0.2 64 -2.8+0.2 51 .09 30
Tricyclic antidepressant user 19 -1.8+¢05 3 -2.7%1.2 7 -2.5+0.7 48 41 90 .52
Tricyclic antidepressant nonuser 74~ —=2.2+0.2 83 —2.4+0.2 70 -2.6+0.2 51 14 39
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